Background: Patient data sharing is invested with high expectations of improving quality of care, patient safety and cost-effectiveness, yet continuously fails to meet them. In the UK, General Practitioners (GPs) and Practice Managers (PMs) are key to enabling it, with the primary patient record held in GP practices. We explored GPs' and PMs' familiarity, engagement with and perceptions of patient data sharing.
INTRODUCTION
In a world of ubiquitous IT-connectivity and fragmented patient care, data sharing, also known as Health Information Exchange (HIE), is envisaged as the IT-backbone to the "seamless integration" of health and social care services. The interest in it is enormous, as well as its expected benefits: [1] [2] [3] [4] improved clinical decision making enabled by accessing a more complete longitudinal patient record; [5, 1, 6] improved coordination and continuity of care; [7] [8] [9] reduction in duplicate investigations [5, [10] [11] [12] [13] [14] [15] and hospital admissions; [5, [14] [15] [16] [17] [18] [19] improved patient safety [20] and enhanced experience, involvement and empowerment; [1, 21] efficiency gains [22] and costsavings. [11, 14, 15, [23] [24] [25] [26] The number of HIE initiatives is rapidly growing. For instance, a 2012 US survey found that 1,398 hospitals (30%) and 23,341 ambulatory practices (10%) were participating in 119 operational HIE projects, in comparison to 14% of hospitals, 3% of practices and 75 projects two years earlier two years earlier. [27] Few systems, however, achieve the advanced and easy to-use-functionalities represented in visions for mature HIE. [24, 28, 29] The challenges of development, implementation uptake and sustainability are significant, the findings about outcomes often disappointing. [2, 22, 24, 27, [30] [31] [32] [33] [34] [35] [36] [37] [38] A recent systematic review [24] suggests that HIE tools are used to a limited extent, typically in between 2% to 10% of patient visits, and that their impact on outcomes is largely unknown beyond HIE "probably reduces emergency department usage and costs in some cases".
In the UK, the 2013 Information Governance Review [1] introduced a new IG principle: "the duty to share information can be as important as the duty to protect patient confidentiality". Improved patient data sharing is high on the National Health Service (NHS) agenda, a priority in the "Five Year Forward View", [39] "Personalised Health and Care Plan 2020", [40] "General Practice Forward View", [41] and recent announcements of "unprecedented" NHS investment. [42] In the UK, GP practices are where the primary patient record is held and clinical IT use is best embedded. As of 2016, 98% of GPs are using an electronic medical record in daily practice routinely. [43] GP and Practice Manager (PM) engagement with data sharing projects is thus crucial to progress in the field.
To our knowledge, no similar survey addressing familiarity, engagement with and perceptions of data sharing amongst UK GPs and PMs has been published. 
METHODS

Survey design and contents
We designed a survey on the basis of 1) the literature on HIE and Health Information Technology (HIT) implementation; 2) discussions at meetings of the C&P Project team; 3) discussions with members of the study Lay User Group; and interviews with project developers and stakeholder group members. Over 30 individuals (health professionals, IT staff, commissioners, managers, CCG communications officers, etc.) provided comments on survey versions, including four GPs and four PMs who piloted it. The final GP and PM surveys were largely identical, with some rephrasing and tailored questions (GP version in Appendix 1). Box 1 outlines the data sharing initiatives enquired about.
Sampling
A pre-existing database of GPs, PMs and practice addresses held by the team was updated with information from practice websites, the national NHS Choices website, and contacting practices.
Information about the practice clinical IT systems was provided by the CCG IT team. Over time, staff numbers remained reasonably stable, but individuals changed frequently: for instance, a phone-in exercise 6 months after finalising the database, in August 2014, found that 69 of the GPs and PMs we had sent letters to had moved on. Flowchart 1 (Appendix 2) details the changing GP and PM populations. We use 542 GPs, 95 PMs and 637 total as denominators in calculating response rates, to include all individuals who were sent the original survey letter and were still in their practices as of August 2014, as well as individuals who had left the practice but returned the survey.
Survey administration and context
The first mailing in April 2014 comprised a paper copy of the survey with an accompanying cover letter and freepost reply envelope. Each survey had a unique alpha-numeric code, which participants could use to complete the survey online and which we used to identify non-respondents. This code was subsequently cut off by an administrative assistant (SSB). Reminders were sent in May and August, in both cases about 2 weeks after the last response had been received. The first reminder included a "no further reminders and reasons for non-response" slip for those declining to participate and the opportunity to enter a prize draw of 3 x £100. The final reminder included a brief note handwritten by MP.
Data quality
Data were entered by SSB and MP, who checked each other's entries against the original questionnaires and minimal errors were corrected. Missing data in the nine independent variables (44% of respondents, 0.5% to 10% of variables) were accounted for using multiple imputation by chained equations [45] [46] [47] in Stata v13.1 (StataCorp, College Station, TX). Imputed outcome variables
were not used in analysis [48] . Binary variables were imputed using logistic regression, while continuous and ordinal variables were imputed using predictive mean matching [49] . Results from the ten imputed datasets were combined using Rubin's rules. [45] Analysis Descriptive statistics and cross-tabulations aimed at preliminary exploration of associations were obtained in SPSS v22 (IBM SPSS Statistics). "Perception of benefits" and "perception of challenges" scores were computed, representing the mean sum of the values chosen for agreement/ disagreement with statements about the likelihood of a particular benefit/ challenge materialising.
The benefits/ challenges were unweighted and normalised to a neutral point of 0 (the survey 'unsure' point was 3). With regard to available population data (LCG and practice IT system), the sample was similar to the total population, with some differences observed in the proportion of the two EMIS user types (Web and LV) for which data sharing is less straightforward in the study locality ( Table 2 ). ** One for each local practice. † † Alternative measure using information on graduation/ registration of GPs from practice websites. Suggests a different profile of local GPs than the study sample, with a much smaller number of doctors at the beginning of their careers. Information was missing in 33% of cases (vs. 7% in the study). It is also possible that years of experience have been highlighted for more experienced GPs, as a way of reassuring patients of the care they will receive in a particular practice.
Descriptive findings
Familiarity with and use of data sharing tools
The majority of respondents have used or recognised all nine data sharing projects with the exception of the Medical Interoperability Gateway (MIG), which was unfamiliar to 81.2%. The most familiar and used tools were local projects addressing the needs of frail elderly patients (1.5% "never heard of" and 89.4% have used at variable levels) and End of Life Care patients (3.5% / 4.7% "never heard of" and 76.2% / 77.9% have used, for Cambridgeshire and Peterborough respectively). After the MIG, the second least familiar project was care.data (unheard of by 30.9%, primarily GPs) ( Table   3 ). Perceptions of benefits and challenges of data sharing
Overall, GPs and PMs saw both the benefits and challenges of data sharing as somewhat likely to materialise: means were 0.53 and 0.56 respectively (0 was the neutral point, range -2 to 2, SD 0.73 and 0.53). The challenges perceived as most pronounced were patients' confusion (mean 1.12) and the anxiety created by media coverage (1.03). The benefit perceived as most likely was improved coordination of care (0.96). The least expected benefit was cost reduction (-0.01), Table 4 . Frequency of discussions about data sharing and patient response types
At the time of the survey, which coincided with intense work on several data sharing projects (see Box 1), 89.1% (361) of respondents discussed data sharing with patients "occasionally" or more frequently: 58.0% (235) "occasionally", 23.5% (95)"on most days", 7.7% (31) "on most weeks" and 7.4% (30) "not at all".
The most frequently reported patient response was agreement to sharing: 59.5% (241) of respondents reported hearing that often or very often, followed by "I thought you were doing it already" (38.8%, 157), confusion (32.8%, 133), "Why are you asking me again" (19.5%, 79), and not consenting to sharing (12.6%, 51). Strong objection to sharing was the least frequently reported patient response (9.6%, 39).
Free text responses
While there were some highly positive comments (e.g. "the best way to deliver patient care"), the great majority of free text comments were negative ("ill thought-out", "a mess", "complete chaos and low clinical value!") or at least hesitant ("the crucial thing is who the data is shared with and why"). Overall, extended negative comments did not challenge data sharing in principle, but expressed frustration with the ways in which particular initiatives have been set up and overlapped, in the context of unrelenting pressures in general practice (Appendix 2).
Logistic regression findings
IT-infrastructure
While locally data sharing is easier or only possible under the dominant system for five projects Staff using the dominant system were more likely to have discussions about data sharing than those using alternative clinical IT systems (OR other vs SystmOne 0.3, 95% CI 0.1 to 0.5) (Table A1, Appendix 2).
Clinical IT system did not appear to be associated with the frequency of reporting patient endorsement of data sharing (p>0.1, Table A2 , Appendix 2), but was associated with the frequency of different types of negative responses. Respondents from practices using the dominant system were more likely to report patients responding with "Why are you asking me again?!" (OR 0.3 for users of alternative systems, 95% CI 0.1 to 0.6). Respondents from practices using alternative systems were more likely to report responses of 'strongly opposed' (OR 2.5, 95% CI 1.0 to 6.1) (Table   A3 , Appendix 2).
IT and IG knowledge
GPs who perceived themselves as more competent in using their clinical IT systems were more likely to use data sharing tools. The main difference was between users who reported basic skills and the rest, rather than between competent users and advanced users (OR competent vs. basic skills 2.5, 95% CI 1.5 to 4.0; OR advanced vs. basic skills 4.0, 95% CI 2.1 to 7.7, Figure A1 F, Appendix 2).
More competent users were more likely to report frequent discussions about data sharing, with an apparent dose-response relationship (OR 2.2, 95% CI 1.0 to 4.5 for those who self-rated as competent users and 4.2, 95% CI 1.7 to 10.7 for those who self-rated highest, Table A1 , Appendix 2).
No association was found between clinical IT competence and reports of patient endorsement of data sharing. However, advanced users were more likely to report patient reservations (OR 3.3, 95% CI 1.5 to 7.6) ( Table A3 , Appendix 2).
Caldicott Guardians were found to be more likely than respondents not performing this information governance role to use data sharing tools (OR 2.4, 95% CI 1.5 to 3.8, Figure A1 E, Appendix 2).
Caldicott Guardian status did not, however, appear to be associated with frequency of discussions or patient response types.
Demographics
Women were more likely than men to use the End of Life Cambs data sharing tool (OR 2.9, 95% CI were not associated with frequency of discussions about data sharing or patient response types.
Organisational context
There was weak evidence of a difference in the use of data sharing tools by LCG, with different trends for different tools (p=0.02) ( Figure A2 , Appendix 2).
Role
PMs were more likely to use data sharing tools than GP partners, while non-partner GPs were typically less likely to use them ( Figure A1 C, Appendix 2) . The single largest difference was for care.data: PMs had odds of reporting use 75 times (95% CI 27 to 211) higher than GP partners. This may reflect differences in the scope of the question, as PMs were asked about their practice's involvement, while GPs were asked about their personal use.
There was weak evidence of differences in the frequency of discussions by role (p=0.04, Table A1 , Appendix 2), with non-partner GPs having such discussions less frequently. However, PMs were more likely than GP partners to report patient responses of "I thought you were doing it already"
(OR 2.8, 95% CI 1.0 to 7.6) and much more likely to report patient reservations than GP partners (OR 18.0, 95% CI 7.9 to 41.3) (Tables A2 and A3 , Appendix 2).
Benefits / challenges perceptions as an independent variable
Respondents' perceptions of the benefits and challenges of data sharing did not appear to have an impact on how likely they were to discuss data sharing.
There was weak evidence (p=0.055) that the frequency of reporting patient endorsement was higher amongst those with a higher perception of the benefits of data sharing. It did not appear to be associated with perceptions of the challenges of data sharing (p=0.89) ( Table A2 , Appendix 2).
The frequency of reporting patient reservations about data sharing was associated with a higher perception of the challenges of data sharing (OR for a 1-point increase in challenges perception score 3.4, 95% CI 2.1 to 5.6). It did not appear to vary by perception of the benefits of data sharing (p>0.1) (Table A3 , Appendix 2).
Timing
The timing variables (phase -original mailout, first or second reminder, and efficiency of return of the survey) was largely unrelated to the nature of the responses received. There was a suggestion of a difference in the frequency of discussions of data sharing by timing of response (p=0.025), with those who responded after the first reminder less likely to discuss data sharing with their patients (see Table A1 , Appendix 2).
DISCUSSION
Summary of key findings
To our knowledge, no similar survey-based study has been published of GPs' and PMs' familiarity with, use and perceptions of patient data sharing. This is in spite of the growing number of initiatives, the policy commitment, and the key role of general practice in enabling patient data to be shared. We found GPs and PMs to be familiar and engaged with data sharing projects, particularly with local CCG projects on frail elderly patients and end of life care. Professional role emerged as the strongest predictor of use of data sharing tools. In its extreme, PMs had odds of reporting use of care.data 73 times higher than GP partners. While this may reflect primarily the different scope of the question, with PMs asked about their practice's involvement and GPs about their own, it also suggests that data sharing projects may have a low real or perceived clinical utility and end up being driven at an administrative level. In contrast, clinical IT system appeared a weaker predictor of use of data sharing tools than expected. Advantages were detected for users of the dominant system, who can access more and richer tools and do so far more easily, but these were less pronounced than hypothesised. Workarounds are available for users of the alternative systems. Challenges of action for users of the dominant system (e.g. asking for patient consent, finding time, recognising that limitations of service capacity may invalidate even the most carefully developed care plan) may be almost as problematic as the barriers to action for users of alternative systems. Importantly, claims about 'easier access' or 'more and richer tools' are only relative. None of the current systems offers a truly integrated patient information flow. Psychological compensatory mechanisms may also be at play: one explanation of why users of alternative systems reported patients' strong opposition more frequently is that they are more attuned to perceptions that validate the choice of their practice clinical system.
Respondents perceived patient confusion and the anxiety created by media coverage as the most pronounced challenges of data sharing and improved coordination of care as the most likely benefit.
Overall, they were most sceptical about benefits corresponding to hard outcomes and key priorities for the NHS (reduction of avoidable admissions, length of stay in hospital, and cost reduction).
Robust evidence about the positive impact of data sharing, which is currently unavailable, appears more likely to persuade GPs and PMs of its benefits than powerful stories and visions. This hesitancy may, however, result in a self-fulfilling prophesy, since data sharing is likely to be effective only with a critical mass of committed users.
Both GPs and PMs reported high levels of discussing data sharing with patients, with fewer than 8% not raising the topic at all, suggesting that patients are given opportunities to express their preferences. Agreement to have one's data shared and surprise that this is not being done were the most frequently reported patient responses. Reports of strong objection were the rarest. This is in line with numerous studies and reports maintaining that most patients embrace data sharing for the purposes of direct patient care. [1, [50] [51] [52] [53] [54] [55] There was, however, a new and strong analytic direction suggested by our findings concerning the range of non-patient related factors associated with the frequency with which GPs and PMs discuss data sharing and the responses they receive. These factors included clinical IT system, professional role, GP clinical IT competence, and a respondent's perceptions of the challenges of data sharing. To a degree, they may stand for differences of context necessitating different decisions (e.g. the limited benefits of sharing through some clinical IT systems may shift the cost-benefit ratio for some patients). Nevertheless, questions arise whether patients are enabled to make truly autonomous decisions about their data and the direction of decisions when these are better informed. We found, for instance, that respondents who self-rated their clinical IT system competence as highest were over three times more likely to report patient reservations. One possible interpretation is that patients find the added detail and realism around data sharing anxiety provoking and/ or disappointing.
Study limitations and strengths
The key limitations of the study arise from it being a self-report cross-sectional survey in a single locality, at a particular time period, and in the context of limited prior research. Standard limitations of survey methods are thus a pertinent consideration, such as concerns about cognitive biases and differences of reference points associated with self-reporting, impossible to eliminate ambiguity of wording, and limitations in identifying causal relationships and trajectories of change. For instance, anecdotal evidence from the broader study suggests that use of data sharing tools may have dropped after initial enthusiasm, indicating the importance of studying the uptake of project over time. In addition, as many of the parameters investigated have not been subject to similar research, the survey was a new tool building on very limited prior examples.
On the positive side, this is the first study exploring GP and PM's familiarity, engagement with and perceptions of patient data sharing in the UK and one with a high response rate. We also believe it to be the first study in the Health Information Exchange literature that demonstrates this level of entanglement of attitudes to data sharing of those who ask and those who are being asked about data sharing. Finally, these are findings about a rich and dynamic period in the early history of data sharing initiatives in the UK, providing helpful baseline information against which to evaluate future developments.
CONCLUSIONS
In our world of IT over-connection and health care over-fragmentation, patient data sharing is here to stay and improve. The scarcity of high quality research on data sharing is a serious concern against a background of both over-optimistic discourse and sensationalist exposure of risks, and of an exponentially growing number of projects. Robust research on the variety of models and outcomes of data sharing is needed so that healthcare professionals' and patients' perceptions and practices are more strongly grounded in evidence. Further research in the direction of this study, of exploring
